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A new kind of machinable composite plate was 
developed for microwave antenna in this paper, in 
which ceramic powder of CaO-Li2O-Ln2O3-TiO2 
was mixed with PTFE polymer in different 
proportions. It was showed that the permittivity of 
the composite plate was enhanced from 4 to 15 with 
the increasing content of ceramic powder; 
meanwhile, the quality factor was maintained at 
1000GHz. The antenna was obtained with the 
composite plate which was machined to suitable 
size and covered with copper electrodes. The 
antenna’s bandwidth was about 60MHz and 
standing wave ratio was near 1.12. 
Introduction 
With the development of electronic information 
technology, the miniaturization and high-speed 
operation have become the predominant technology 
for modern wireless communication systems, which 
requires better microwave dielectric materials with 
reasonable relative permittivity, low dielectric loss, 
good frequency and temperature stability in a wide 
spectral range, and good mechanical and thermal 
stability [1]. PTFE, with excellent physical and 
chemical properties, has been extensively applied to 
microwave devices. But because of its low relative 
permittivity and poor thermal stability, further 
applications are limited. Recently, polymer/ 
ceramic microwave dielectric materials have been 
considered as the promising materials to overcome 
the limitation due to their excellent comprehensive 
properties [2]. There are different classes of 
substrate materials with various dielectric constants 
that are used in wireless applications. Prevalent 
among them are sintered ceramic such as rutile [3], 
Ba(Mg1/3Ta2/3)O3[4], Ba2Ti9O20[5], etc. known as 
hard substrates and filled polymeric substrates 
which are generally classified as soft substrates. 
Lanthanum substituted barium titanate microwave 
ceramics have high dielectric constant (r=157) [6]. 
PTFE filled with CLLT (CaO-Li2O-Ln2O3-TiO2) 
ceramic powder would be an effective approach to 
improve the dielectric properties of microwave 
materials in order to satisfy the requirement of 
microwave substrates. 
In this paper, an attempt has been made to 
develop high dielectric constant ceramic filled 
PTFE substrates. CaO-Li2O-Ln2O3-TiO2, Ln=La
i.e. CLLT, which has a dielectric constant r=165 
was used as the particulate filler. Dielectric and 
mechanical properties of composite substrates were 
evaluated as a function of filler loading in the PTFE 
composite substrates. Finally, micro-strip antennas 
were made by the composite plates. 
Experimental 
Analytical grade CaCO3, Li2CO3, La2O3 and 
TiO2 were used as raw chemicals in order to 
synthesize CLLT solid solutions. The conventional 
mixing oxide route method was employed for the 
preparation of ceramics. They were weighed and 
mixed in a ball-mill with distilled water. After dried 
they were heat-treated at 1320oC - 1350oC for 5h in 
air, and then cooled to room temperature in the 
furnace. After the thermal treatment, the powders 
were ground by mechanical grind methods and then 
used the 80 mesh sieve to obtain CLLT powders.  
The PTFE powder was used as a polymer matrix. 
The melting point of PTFE is 330.1oC, which is 
confirmed through TG-DTA (NETZSCH 
Instruments, Germany) analyses in air at the 
heating rate of 5oC/min. The PTFE powder and 
CLLT powder with various CLLT weight fraction, 
20wt%, 40wt%, 60wt% and 80wt%, were mixed 
and ball-milled in alcohol solution for 12h. Then 
the mixture was dried at 60oC and the uniform 
mixed CLLT/PTFE powder was hence obtained. 
The mixtures were mold-pressed into cylinder 
samples of 13mm in diameter and 6.5mm in height 
at pressure of 300MPa for 60s. Finally, the compact 
samples were heat-treated at 340oC - 400oC for 4h 
in air. 
The r and Q×f were measured in the TE011 mode 
with the parallel plate resonator method using a 
Network Analyzer of Agilent E8362B in the 




frequency range of 0.01GHz - 20GHz at room 
temperature.  
    Finally, micro-strip antennas were fabricated 
by the composite microwave substrates with copper 
foil, and then measured by a network analyzer of 
Agilent E8362B. 
Results and discussion 
The TG-DTA result of PTFE was showed in 
Fig.1, which demonstrated that there was about 
1.3% weight reduction from 100oC to 400oC, 
resulted from the decomposition of the other 
organic additives. Meanwhile, it was found that 
there was one exothermic peaks appearing at 
330oC. Therefore, it might be concluded that some 
of the organic additives mainly decomposited at 
higher temperatures. 



























Fig.1 TG-DTA plot for the PTFE in air 
 
The dielectric constant of the composite samples 
was demonstrated in Fig.2. The dielectric constant 
increased with the increasing of CLLT weight 
fraction. This was due to the high r of CLLT 
powders. For two-component composite medium, 
the dielectric constant was calculated by the 
formula[7] 
 r= r1  +  (1-) r2. 
Here  was the the volume fraction of CLLT in this 
paper. 
 
Fig.2 Dielectric constant of the composite samples 
Variation of the value of Q×f with different 
temperature and CLLT weight fraction was given in 
Fig.3. The value of Q×f increased with the 
increasing of temperature and reached the peak at 
380oC. With the heat-treated temperature 
increasing, the value of Q×f decreased. It might 
attribute to increasing of the porosity caused by the 
decomposition of PTFE at higher temperature. 
 
Fig.3 Value of Qf of  the composite samples 
 
The tensile strength of the composite samples 
was showed in Fig.4. The tensile strength decreases 
with the increasing of CLLT weight fraction. And 
the composite samples had the highest tensile 
strength when they were heat-treated at 360oC. 





Fig.4 Tensile strength of the composite samples 
 
The composite plates were made from the 
mixed CLLT/PTFE powder with the size of 
20mm×20mm×4mm, and heat-treated at 380oC.  
The composite plates were covered by copper foil 
and made into micro-strip antennas. The emitting 
surface of the antennas was in square with a feeding 
point in the center and the side length was 
1× The performances of the antennas 
were showed in Table 1. 
 
Table 1 Performances of the micro-strip antennas 
CLLT (wt%) Bw (MHz) fo (GHz) Loss (dB)
20 479.929 6.925027 -24.20
40 310.032 6.244826 -31.43
60 138.856 4.335601 -19.09
80 42.587 3.463478 -18.78
 
The test results of the antennas demonstrated 
large bandwidth and return loss. The frequency was 
increased from 3.463GHz to 6.925GHz with the 
increasing of CLLT weight fraction. 
Conclusions 
The permittivity of the composite plate was 
enhanced from 4 to 15 with the increasing content 
of CLLT ceramic powder. The value of Q×f 
reached the maximum when the samples were heat-
treated at 380oC while the tensile strength reached 
the maximum when the samples were heat-treated 
at 360oC. The frequency increased with the 
increasing of CLLT weight fraction. Therefore a 
desired frequency could be obtained by the right 
size and CLLT weight fraction. 
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